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Extensor digitorum brevis and extensor hallusis brevis
transplantation for treatment of long-standing facial pa-
ralysis
HUANG Wei-qing*, FANG Bai-rong, FANG Xue-quan	 and WANG Chang-jun

Objective: To evaluate the efficacy of free transplan-
tation of denervated muscles and vessels in the treatment
of long-standing facial paralysis.
Methods: A total of 26 patients with facial paralysis
(10 males and 16 females, aged 16-65 years, mean: 47 years)
were enrolled in this study to receive transplantation of
denervated extensor digitorum brevis (EDB) and extensor
hallusis brevis (EHB). The muscle tendon was slung to the
ala nasi, the middle point of the nasolabial sulcus, the angu-
lus oris and the chin to correct the nasal and oral deformity.
The muscle belly was buried around the nerves that inner-
vated the masseter muscle. Microsurgery was applied to
anastomosing the tarsus lateral vessels to the superficial
temporalis vessels.
Results: After operation, all the patients immediately
obtained satisfied static appearance. The movement of the
paralyzed corner of the mouth could be obtained one month
later and the smile of the paralyzed side could be restored
after 3 months of training. And 88% patients achieved per-
fect results, 8% obtained satisfactory results, and 4% got
improvement 6 months after operation according to
Stennert’s paresis scoring system.
Conclusions: Free transplantation of denervated
muscles and vessels for the treatment of long-standing fa-
cial paralysis, which seldom causes atrophy or liquefaction
of the transferred muscles, can maintain muscle viability
and induce reliable nerve regeneration. Therefore, it is a
safe and efficient treatment method for the patients suffer-
ing from facial paralysis.
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It was first reported by Thompson1 in 1971 that freetransplantation of denervated muscle of extensordigitorum brevis (EDB) and extensor hallusis brevis
(EHB) can treat facial paralysis. Later on, this treat-
ment method was used in encircled ligation of
palatopharynx with excellent efficacy.2 Therefore,
Haklius3 modified the surgical technique and widened
its clinical use with satisfying efficacy. Until 1981, Liu
et al4 achieved great success in treating anal inconti-
nence of children and proved the muscle viability and
nerve regeneration with their own clinical research. In
1994, Li et al5 successfully used this technique to re-
pair velopharygeal incompetence and cleft palate.
However, oneof themost difficult problems that we have
encountered is the decrease of the muscle force due to
muscle atrophy and liquefaction postoperatively.6 This
study combined free vascular grafting of denervated
muscle to treat nasal and oral deformity with the trans-
position of temporalis muscle flap to correct eye
deformity,7 and this surgical skill was greatly improved
in achievingperfection both in appearanceand function.
METHODS AND RESULTS
Patients
From 2003 to 2005, 26 patients (10 males and 16
females) with facial paralysiswere treatedwith free trans-
plantation of denervated muscleof EDB and EHB. Their
ages ranged from 16 to 65 years with history of facial
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Treatment
For all the patients, a two-stage operation was con-
ducted to treat the deformity of facial paralysis.
First-stage operation: denervation of EDB and
EHB A dorsopedal oblique incision according to our
study on dorsopedal anatomy5 was made to expose
the EDB and the EHB (Fig.1). The branches of the deep
fibula nerve could be found in the ventral or internal side
of the muscle and were cut off after being confirmed as
the motor nerve by nerve stimulation electrodes.
Second-stage operation: (1) Operation of the
donor site in the foot Free transplantation of EDB
and EHB was performed two weeks after the denerva-
tion of the muscle through the above-mentioned inci-
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Table 1. General data of patients
Patient No. Sex Age Aetiology Medical history  Follow-up Results* Preoperative Postoperative
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
Male
Female
Female
Female
Female
Female
Female
Female
Male
Male
Female
Female
Female
Female
Male
Female
Female
Male
Female
Male
Male
Male
Male
Female
Female
Male
22
16
34
28
41
34
27
22
29
19
26
52
62
40
20
65
56
42
40
45
22
28
36
38
40
38
Congenital
Congenital
Infected
Infected
Acoustic neuroma
Acoustic neuroma
Acoustic neuroma
Acoustic neuroma
Traumatic
Acoustic neuroma
Acoustic neuroma
Acoustic neuroma
Infected
Infected
Infected
Infected
Infected
Acoustic neuroma
Infected
Infected
Infected
Infected
Traumatic
Infected
Acoustic neuroma
Infected
22 years
16 years
13 years
24 years
1 year
3 years
6 months
6 months
10 years
2.5 years
3.5 years
7 years
36 years
20 years
15 years
60 years
52 years
5 years
30 years
15 years
8 years
18 years
5 years
30 years
8 years
35 years
2 years
2 years
2 years
2 years
22 months
22 months
22 months
20 months
20 months
17 months
16 months
16 months
2 years
22 months
22 months
2 years
22 months
21 months
21 months
20 months
19 months
19 months
18 months
17 months
1 years
6 months
0
3
1
2
4
3
4
3
2
2
3
2
1
2
1
1
2
1
1
2
1
1
1
1
2
1
(years) score score
*: “+” shows improved movement and static position; “++” shows significant good movement of the muscle graft but no complete teeth
exposure; and “+++” shows good static position with symmetrical expression and teeth exposure.
palsy for 6 months to 60 years (17.31 years on average)
and 23 patients with a history of more than 2 years.
Two cases suffered from congenital facial palsy, while
24 cases suffered from secondary facial palsy, among
which 13 cases were caused by infection, 9 experienced
recision of an acoustic neuroma and 2 were caused by
trauma. The patients’data are shown in Table 1.
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sion in the first-stage operation and the transverse inci-
sions from the digital webs 1 to 4. The origin and belly
of the muscles were dissected until the anterior and
external sides of the calcaneus were exposed. The ten-
don ends of the EDB and the EHB were anatomized to
the lateral side and under the tendon ends of the EDB
and the EHB and then dissected. A canal beneath the
tendons of the EDB and the EHB were made by a ten-
don peeler to peel the tendons back to the anterior and
external sides of the calcaneus. Attention must be paid
to maintaining the intactness of muscle belly and the
full length of muscle during the dissection of the vascu-
lar pedicle supplying the EDB and the EHB. The lateral
tarsal vessels of the dorsalis pedis vessels were dis-
sected 5 cm above the retinaculum musculorum
extensorum inferius. The full length of muscle belly and
the volume and weight of the EDB and the EHB were
measured and the result of statistical analysis is shown
in Table 2. The muscle membrane was removed and
the tendon ends of the muscle were sutured for further
use. The incision in the foot was sutured and the op-
erative foot should be elevated above the level of the
heart. The suture was removed 12 days later.
(2) Operation of the recipient site in the face
The preoperative design is shown in Fig. 2. The slung
range was equal to the discrepancy between the nor-
mal side and the paralyzed side. The four points to be
slung were the ala nasi, the chin, the middle point of
the nasolabial sulcus and the angulus oris. The surgi-
cal approach was the incision made from the anterior
auricle to the hairline. The operation procedure was
performed in the temporal region as described by us in
1999.7 Then operation in the masseteric region was
performed. Under superficial musculo-aponeurotic sys-
tem (SMAS), blunt stripping was made through a canal
passing through the belly of the masseter muscle and
the nasolabial sulcus. The canal was made at the con-
necting line or the extended line between the tragus
below the lower edge of the zygomatic arch of the mas-
seter muscle and the attachment point of the anterior
edge of the masseter muscle on the mandible. The
transferred muscle was fixed in the canal of the
massteric belly with several sutures to facilitate their
tight contact. Meanwhile, the transferred muscle was
fixed on the deep fascia anterior to the auricle and the
belly of the transferred muscle was spread in the canal
of the masseter muscle. The tendon ends of the EDB
and the EHB were suspended by a tendon peeler to
the ala nasi, the middle point of the nasolabial sulcus,
the angulus oris and the chin, then penetrated through
the skin. The angulus oris was overcorrected slightly
and the nasolabial sulcus was fixed in a smile. The
SMAS in front of the auricle was elevated to cover the
graft and the slack part of the SMAS was overlapped
and sutured. The skin was elevated and closed in lay-
ers after resection of the excessive skin. The superfi-
cial temporalis vessels were dissected through the an-
terior auricular incision and anastomosed to the lateral
tarsal vessels of the free muscle. Skin closure was per-
formed in two layers. A piece of rubber was placed for
drainage and the incision was sutured and bandaged
under pressure before the operation was over.
Fig.1. The neuro-vessel supply of extensor digitorum brevis and
hallucis brevis.
3.8±0.5 3.9±0.1
Table 2. Full length, length of muscle belly, volume and
weight of EDB and EHB( ± s)
EHB 11.8±0.9 8.6±0.3 3.2±0.7 3.3±0.5
EDB
13.5±0.7
13.9±1.0
12.8±0.8
6.7±1.0
6.5±0.9
5.9±0.7
6.5±0.3 3.2±0.3
Items Belly length Volume
(cm3)
Weight
(cm) (g)
*:That occasionally exists.
Fifth EDB*
EDB1
EDB2
EDB3
Full length
(cm)
_ _
_
_ _
_
Fig.2. Preoperative design of the recipient site in the face.
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(3) Postoperative management  The drainage
was placed for 2-3 days postoperatively with external
fixation of an elasticity tape for 3 months to decrease
the drooping gravity and the incision tension. The su-
ture was kept for 7-10 days.
Evaluation
The evaluation criteria were the indexes adopted by
Harrison8 in clinical research of facial paralysis, that is, “+”
showed that the movement and static position were im-
proved butnot obviously; “++” showedthat significant good
movement of the muscle graft was obtained but the teeth
werenotcompletelyexposed;and “+++”showedgoodstatic
position with symmetrical expression and teeth exposure.
Stennert’s paresis scoring system is the interna-
tional evaluation criteria for facial paralysis.9 He con-
sidered that severe facial paralysis corresponded to a
higher score (Table 3). In general, the symptom de-
scribed in Defects 1 to 4 would achieve significant im-
provement 6 months after operation, while the symp-
toms in Defects 5 to 10 needed 6-18 months.
Table 3. Stennert’s paresis scoring system for facial paralysis
States Regions Defects  True   False
Static
Eye 1. Difference between palpebral fissures for 3 mm or greater
2. Ectropion
Mouth
3. Nasolabial sulcus disappearing
4. Oral commisure for 3 mm or more lower on the paralyzed side
Forehead 5. Affected brow motion less than 50% of normal side
Eye 6. Eyelids not closing lightly as in sleep
7. Eyelids not closing tightly
8. Upon widely showing teeth, the canine teeth not visible
9. Upon widely showing teeth, the lateral upper teeth incisor not visible
10. Decrease of distance from paretic oral commissure to philtrum when pressing lips are less
than 50% of that on normal side
Mouth
Dynamic
Resting paresis score=Sum of all true responses from Defects 1 to 4; Mobility paresis score= Sum of all true responses from
Defects 5 to 10; Total paresis score= Static paresis score + Dynamic paresis score.
Results
Among all the 26 cases, 23 (88%) achieved perfect
results, 2 (8%) achieved satisfactory results, and 1 (4%)
got improvement 6 months after operation according to
Stennert’s paresis scoring system. The majority of the
patients ( 23 cases) suffered from facial paralysis for more
than two years, all except one (96%) achieved perfect
reconstruction of resting position and animation of mouth
and cheek. As for the patients with history less than 2
years, only one restored static and dynamic expression.
Comparing the preoperative scores with the postop-
erative scores of the 26 cases, it demonstrated that
among the 26 cases, 22 cases (85.7%) had significant
improvement for approximately 5-8 points, 3 (11%) for
approximately 4 points, while 1 (4%) had a decrease for
2 points.Asignificant discrepancy between preoperative
and postoperative scores indicated a much better clini-
cal outcome. With two evaluation systems mentioned
above, we evaluated the results of the surgical treatment
of 26 cases of facial paralysis and got the similar data,
which gave the positive proof of our surgical treatment.
Typical case
A 54-year-old male patient suffered from facial pa-
ralysis for the right hemiface after acoustic neuroma
resection for 3 years. Preoperatively, the wrinkle in his
right forehead disappeared, the right eyelids sagged,
the right nasolabial sulcus disappeared, the angulus
oris was lower on the right side, the right eyebrow
drooped, the right eye could not be closed completely
but could open widely when showing teeth, and the
right upper lip drooped when chewing (Fig.3).
Free transplantation of vascular muscles of the EDB
and the EHB was performed to reconstruct the function
of expressing emotions of the right angle of mouth, com-
bining with the transposition of the temporalis muscle
flap to correct eye deformity (Fig.4).
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DISCUSSION
Modification
The history of surgical treatment for facial paralysis
is over a hundred years,10-20 especially the history of
muscle transplantation 21-25. But up to now, no single
technique can treat all abnormities of this disease, thus
yielding the discussion of integrated treatment. During
the operation of transposition of temporalis muscle flap,
we followed Gillies’ method,26 which split the muscle
flap randomly into two parts and attached them to the
upper and lower eyelids to restore the function of eye
closure and correct the ectropion of the lower eyelids.27, 28
Since the muscle flap in this study involved neural and
vascular pedicles, we achieved more dynamic and reli-
able efficacies. However, the inability to elevate the lips
is usually the chief complaint of the patients with facial
paralysis. In the operation of free denervated muscle
During the postoperative follow-up (one month after
operation), his right eye could close completely. When
showing his teeth or chewing, the paralyzed side was
almost symmetrical with the intact side (Fig.5).
Fig.3. Preoperative appearance with different emotional expressions of a 54-year-old male with facial paralysis after removal of an
acoustic neuroma on the right face.
Fig.4. Muscle transplantation to the face. The tarsal lateral vessels of the free muscle were anastomosed to the superficial temporalis
vessels.
Fig.5. The appearance with different emotional expressions one month after operation.
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transplantation, we improvedThompson’procedure that
the belly of transferred muscle surrounded the angulus
oris in a small scale and therefore only the function of
the orbicularis oris muscle could be restored. Accord-
ing to our surgical plan, the tendon ends were attached
to the angulus oris, the middle point of the nasolabial
sulcus, the ala nasi and the chin to realize the function
of elevating the lips. Furthermore, the extended con-
tact between the transferred muscle and the masseter
muscle facilitated the reinnervation of transferred
muscle. To solve the problems of liquefaction and atro-
phy of the transferred muscle with former techniques,
microsurgery technique was applied to anastomosing
the vessels of transferred muscle to the recipient ves-
sels toensuremuscle viability and functionof themuscle.
Indications
The inclusion criteria of this study were the patients
with long-standing facial paralysis, with atrophy of the
facial musculature, or having no effect with conserva-
tive methods. As McCarthy29 suggested, injuries within
3 weeks were regarded as fresh facial paralysis, 3
weeks to 2 years as early facial paralysis, and over two
years as long-standing facial paralysis. Table 3 shows
the good results of the patients with long-standing fa-
cial paralysis who received this procedure. The appro-
priate indications had great influences on the result of
reanimation of facial paralysis because the facial mus-
culature of the patients with early facial paralysis still
had some functions and were prone to intervene in the
movement of transferred muscles.
Muscle viability and nerve regeneration
Denervated muscle transplantation was performed
in dogs by Thompson2 to attest muscle viability and
nerve regeneration. Also the graft of the palmaris lon-
gus muscle and the EDB was successfully performed
in human bodies to treat patients with facial paralysis
or velopharygeal incompetence. Besides clinical
observation, biopsy and histochemical examination
were made to confirm the muscle viability and nerve
regeneration. The preconditions for the viability of trans-
ferred muscles were considered by Thompson2 to be
as follows: (1) The transferred muscles were intact with
full muscle fibers; (2) The motor nerve was dissected 2-3
weeks before the transplantation; (3) The weight of the
muscle was less than 4 g; and (4) The transferred
muscles were overlaid on the muscle with normal nerve
supply and the outer membrane was resected to facili-
tate the neural axon growing into the muscle. The EDB
and the EHB were removed completely for free trans-
plantation in this procedure. The muscle was dener-
vated2 weeks in advance. Themuscleswere 3.3 g± 0.5 g
and 3.9 g ± 0.1 g in weight, respectively, which were
less than 4 g. The outer membranes of the transferred
muscles were resected to make the transferred muscles
closely contacting with the masseter muscle in canal,
which had a normal nerve supply. Therefore, free trans-
plantation of the muscles in this article had a firm physi-
ological basis.30 Microsurgical technique was applied
in this study to anastomose the vessels of the free
transferred muscles to the facial vessels in the recipi-
ent site to overcome the shortcomings of liquefaction
and atrophy in former techniques, thus ensuring the
strength and activity of the muscles postoperatively.
Theactionpotential produced bythe transferredmuscles
after a year follow-up also confirmed the muscle viabil-
ity and the nerve regeneration.
Advantages of this technique
The advantages of this technique include: (1) The
recipient zone is not overstaffed and has no secondary
deformities because of micro-muscle graft. As ancil-
lary muscles, the transferred muscles leave no sec-
ondary deformities or function drawbacks in the donor
site. (2) Incisions in the nasolabial sulcus and the an-
gulus oris are avoided so as to make the access hidden.
The reconstruction of the nasolabial sulcus is the re-
sult of adherence of the subcutaneous tissues, not by
skin scar, which is easily accepted by patients. The
design of the suspended points is based on the
unparalyzed side, thus resulting in good symmetry. (3)
Several sutures are made in the canal to prevent the
graft from sliding, thus ensuring muscle viability and
nerve regeneration. (4) The temporalis muscle flap cor-
recting the lower and upper eyelid deformities is at-
tached to the nasale ossa instead of the periosteum or
the medial palpebral ligament, which is firmer and more
reliable. (5) As the result of the suspension of the graft,
overlapped suture of SMAS and resection of excessive
skin, facial appearance can achieve steady short-term
static and long-term dynamic results. And (6) with the
applicationof microsurgical technique, the reliability of the
muscle viability and the restoration of the strength and
activity of the muscle can maintain long-term efficacies.
However, the reanimation of the natural facial ex-
pression needs long-term exercises because the in-
.  .Chinese Journal of Traumatology 2009; 12(1):3-9
nervation of the transferred muscles is the trigeminus
nerve, in which a training process is indispensible to
obtain spontaneous smiles. Free vascular muscle trans-
plantation using the EDB and the EHB combined with
other techniques to treat long-standing facial paralysis
has the advantages of simplicity, little trauma, short
periods of rehabilitation and high reliability, which de-
serves more attentions and clinical applications.
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